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Abstract 

Liquid softgel fill fkmulations containing ibuprofen in free acid form, and so~ge~ capsules comprised of a 
gelatin sheath enclosing such fill formulations, are prepared by d&soIving more than 30% of rbuprofen in free 
acid form in polyethylene glycol and at feast 10% by weight of a pol~~~p~o~ido~~ having an average 
molecular weight of from about 2,000 to about 54,000. The formulations may also include a surfactant to 
increase the bioavailability of the ibuprofen. 
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What is claimed is: 

1. A liquid softgel fill formulation consisting essentially of: 

a) greater than 30% hy weight ibuprofen in free acid form in solvrtion; 

b) from about 30 to about 60% by weight polyethylene glycol; 

c) from about 10 to about 30% by weight of pol~ylp~oiidone; and 

d) from about 1 to about 10% by weight of a surfactant. 

2. The softgel fill formulation of claim 1, wherein said ibuprofen is present in an amount of at least about 35% 
by weight. 

3. The softgel formul”ation of claim ‘1, wherein said polyethylene glycol has an average molecular weight of 
from about 200 to about 1,000. 

4. The softgel formulation of claim 1, wherein said ~~~inylp~~lido~e has an av+rage molecular weight of 
fiem about 2,000 to about 54,000. 

5. The s&gel fill formulation of claim 1, further including up to about 6% of a aas+ decongestant or up to 
about 10% of an antihistamiuic. 

6. The s&gel fill forrmdation of claim 1, further i~~udin~ up to about 10% by weight of a surfactant to 
increase the bioavailability of said rbuprofw. 

7. The so&gel fornmlation of claim 1, wherein S&I surfactant is selected from the group consisting of esters of 
d-alpha-tocopheryl, polyoxyethylene castor oil derivatives, and ~~i~g~~~ol~e~ glycerides. 

8. A liquid softgel fill formuIation consisting essentially of: 

a) greater than 30% by weight ibuprofen in free acid form in solution; 



b) fi-om about 30 to about 60% by weight of ~~y~~yle~e g~~~o~-ha~~g an average molecuhn weight of from 
about 200 to about 1,000; 

c) from about 10 to about 30% by weight of ~~~y~~ol~don~ ha&g an average molecular weight of from 
about 2,000 to about 54,000; and 

d) fkom about 1 to about 10% by weight of a surfa&tnt to increase the b~~~v~~~ab~~~ty,ofs~d,~buprofen. 

9. The softgel fill formuktion of claim8, wherein said ~olye~y~en~“g~y~~ is has an average molecular weight 
of about 600. 

10. The softgef formulation of &Cm 8, wherein said snrf~tant is sek@ed fkom esters of dabha tocopheryf, 
polyoxyethylene castor oil derivatives, and polyg$&lyzed gfyokides. 

11. A softgel capsule comprised of a sheath enc&@ng a liquid W, said al oo~is~~~~ essentially of: 

algreater than 3U”/o by weight ibuprafen in free aqid form in sol&on; 

b) fkom about 30 to about 60% by wei ~ly~~le~e glycol; 

c) from about 10 to about 30% by weight pol~y~~ol~do~e; and 

d) from about 1 to about 10% by weight of a surfactant. 

12. The softgel capsule of claim 11, wherein said ibuprofen is present in an amount of nirom about 35% to about 
40% by weight of said fill. 

13. The softgel capsule of &rim 1 I, wherem said polyethylene giyca2 has an average molecular weight of from 
about 200 to about 1,000. 

14. The so&gel capsule of claim 11, wherein said ~nrfactant is selected fiorn eimrs of d-alpha tocopheryl, 
polyoxyethyfene castor oil derivatives, and polyglycolyzed glycerides, 

15. The sofigel capsule of claim 1 .I, wherem said ~ol~yl~~lido~e haakti average molecular weight of 
from about 2,000 to about 11,000. 

16. The softgel capsule of claim 11, wherein said sheatbis comprised af @am about 45 to about 75% by weight 
gelatin, from about 20 to about 40% by weight o! a plastidzer, andfrom about 5 to about 15% by weight water. 

17. The softgel capsule 0-f claim 1 I, further including up to about 6% of a nasal de~ongest~t or up to about 
10% of an antihistaminic. 

18. A softgel capsule comprised of a sheath enclosing a liquid fib, said fill ,~~~isti~g ,esse~tia~ly of: 

a) at least 35% by weight rbnprofen in free acid form in solution; 

b) from about 30 to about 50% by weight ~~ye~~~~ne glycd having sun average mobcufar weight of from 
about 200 to about 1,000; 

c) from about 15 to about 30% by weight of po~~~ylp~o~ido~e Haag an average molec weight of I?om 
about 2,000 to about 11,000; and 

d) a surfactant to increase the bioavailabjhty of said ibuprofa. 



19. The softgelcapsule of claim 18, where;in said Surfactant is &lected f&m esters of d-alpha,tocopheryl, 
polyoxyethylene castor oil derivatives, and polygl~~o~~ed glycerides. 

20. The softgel capsule of claim 18, wherein said sheath is comprised of from about 45 to about 75% by weight 
gelatin, from about 20 to about 40% by weight pksticizer, and fkom about 5 to about 15% by weight water. 

2 1. The capsule of claim 20, wherein said &eath plasti~ker is sele&ed fkom the ague consisting of sorbitol, 
sorbitol special, maltitol, and mixtures thereof. 

. 

22. The capsule of claim ,18, wherein the t&al 
said ibuprofen is at least 2QO mg. 

600 mg., and the weight of 

23. A liquid softgeli fill formulation.consisting essentially of: 

a) greater than 30% by weight ibuprofen in free aqid form in solutiom 

b) from about 30 to about 60% by we ‘polyethylene glycol; 

d) from about 10 to about 30% by weight of ~ol~~ylp~olidon~, wherein the ratio ofpoIyet&ylene glycol to 
polyvinylpyrrolidone less than about 25~1; and 

d) a surfactant to increase the bioavailability of said ibuprofen. 

24. The liquid soflgel fill formulation ofdaim 23 ~hereinthe ratio 0~~01~~~~1~~ glycol to 
polyvinylpyrrolidone is between about 4 .6:1 and &bout 1.8: 1. 

25. A so&gel capsule comprised ofa sheath enclosing a liquid fill, said fill co~ist~g essentially of: 

a) greater than 3U”/‘o, by weight ibuprofen in free acid form in sulution; 

b) fi-om about 30 to about 60% by weight polyethylene glycol; 

c) from about 10 to about 30% by wei~t,~~~~~l~~~done, wherein theratio of~Iye~~~ene glycol to 
poiyvinylpyrrolidone is less than about 2.5: 1; and 

d) a surfactant to increase the bioavailabi,lity ofsaid ibuprofen. 

26. The sofigel capsule of claim 25.wherein the ratio of polyethylene glycol to poI~i~ylp~~~done is between 
about 1.6: 1 and about 1.8: 1. 

BACKGRCWND CF THE INVENTION 

(1) Field of the Invention 

The present invention relates generally to s&gels or soft gelatin capsules and fill c~~osi~ 
particular to a soft gelatin capsule that contains a highly ~ncen~~~~.$oI~tio~ of i~~praf~ 

(2) Description of the Prior Art 

U.S. Pat. I?o. 4,690,,8323 to Lobner et al. describes a process for rn~ufaGt~g fen-cor@aining soft gelatin 



capsules in which up to 30 parts by we~~t-of.~b~r~fen ih free forq is ~~~~v~~ irrfrom 7Wo 85 parts by 
weight of polyoxyethylene-polyoxypropyhke poX$ner or in a mixture of from 30 to 76.parts by weight of a 
polyalkylene gltycof and from 7 to 40 parts by weight of a surf&ant having a very rapid and high bio- 
availability of the active ingredient. Preferred suitable surfactants inciude, for 
polyoxyethyleneglycerol trihydroxystearate, polyoxyethylene (C+ub. 12 -.wb, ~-8~-~~t~ alcohol ethers, 
polyoxyethylene stearate, polyoxyethylenesorbia mono(C.sub. f2 -.s~b.~~~f~~ acid esters, and 
polyoxyethylene-potyoxypropylene polym@. 

In the Lohner et al. process, up to 30 partsby wei of t&e form ibuprofq is shelved by &eating the free 
form ibuprofen with the selected solvent at: a temperature of 45.degree. to 6~*de~~~. C If a concentration of 
ibuprofen greater than the maximum 36 parts by weight possible Im ~~~.~~~ is de@& up to 4U parts additional 
parts by weight of ibuprofen may also be s~~~nd~d in the fill. , ~ 

Softgel fills containing high ccmcentrations of ibuprofen as admixture of ~~~~fen in f&e fm and its salts are 
described in U.S. Pat. Nos. 5,071,643 and 5,360$$5 to Yu et al. These t?ll fo~u~~~o~ may be Eiquid, semi- 
solid or. solid, and are formed by mixing 4Q-80% by weight ibuprofen, 0. l-f .S mol&r of hydroxide ion per male 
of ibuprofen, l-20% by weight water, and, 4-1’2% by weight glycerkne or ~r~~~l~e :glEgrcoE inpolyethylene 
glycof. Sohtbility of the ibuprofen salts is further ted 2- 10% by the further ition 
of glycerin, or propykne glycol or l-20% by wei 

of 3-10% by weight 
po~~~y~p~~~d~~. 

The preferred average molecular weight of the po~~ny~p~o~~d~~e 
above 5% polyvinylpyrrohdone, and higher molecukr weight polyvi 
solid and solid formulations for suppositikies, tie piece capsu@s, and tablets. 

Upon mixing under the conditions qescribed by Yk et al., the polyeth@eno @yeoX arts to di e the fiw form 
of the ibuprofen; the hydroxy1 ions soume, .eLg., sodium hydroxide ~r,~~a~~ h~~~xide~ ally forms an 
ibuprofen salt, and the water forms a salvation sphere arouud tijacid s~~t’~~~~~ it to go into solutiun in the 
polyethylene glycol. 

While softgel fill compositions containing ibuprofen salts can be produced by ‘the above procedures, there is 
still a need for liquid softgel fill formulations with high c~~cen~u~,, i.e., greater than 30% by weight, of 
ibuprofen hr solution in its free acid form. IEn particular, there is a need for achy ~~cen~a~~d solutions 
containing ibuprofen in its free form that do not adversely affect the softgel~ capsules over an extended per&d of 
time. 

SUMMARY OF THE INVENTION 

The present invention relates to a liquid softgel@ formulation comprising 
ibuprofen in free acid form in solution; from about 30 to about 6oor”o by wei 
about 10 to about 30% by weight ofpol~~yIp~~~~do~e. 

More specificahy, liquid softgel fill fo~u~~tions ~ont~~g ibuprofen in &ee acid ,~o~, an& softgel capsules 
comprised of a gelatin sheath enclosing such fill fommlations, are prepared by d~s~~~g more than 30% of 
ibuprofen in free acid form in polyethylene, glycor‘ ‘and at least 10% by weight .of a polyv hdone having 
an average molecular weight of from about, 2,000 to about 54,000. The~fo~~a~o~ may alsoinclude a 
surfactant to increase the bioavailahility of the ibuprofen. 

DETAILED DESC~TEON.OF THE ~~~~~ 

The present invention relates to softgel fill formulations ~ont,a~~~~~ cone ater than 30% 
by weight of ibuprofm in its free acid form,. and in particular to achy c non-aqueous, 
ibuprofen fill formufations. Such formulations, when enGapsulateti into so@ getstin one-piece capsule sheaths by 
known techniques, provide long term stabihty, whjle stih be&of an acceptable size to the msumer. When 
used in the following description, “ibuprof&n” wilr be understood to mean ~~~p~ofe~ in its fre;e acid form. 



It has been found that these form&tioas.can be prepared by dissolving ~b~p~o~~~ in a solvent comprised of 
polyethylene gfycol and polyvinylpyrrolidone, with ,each of the solvent ~~rn~~~~~~ being present in a defined 
amount in the composition, and with each eomponent having defnlrred ~~~t~st~~~. Preferably, the formulation 
also includes a surfactant to enhance bioava~labili~ of the ibuprofen. 

Specifically, the formulations of the present ovation are ,eomprised of greater than 30% andup to 40% or 
more by weight ibuprofen, from 30 to 60% by weight posyetlryEene.gtJ,, and from 10 to3@% by weight of 
polyvinylpyrrohdone. Preferably, the fo~~~atio~ are comprised of from,35 to-40% by we&$& ibuprofen, frum 
30 to 50% by weight polyethylene glycoX, and from 15 to 30% by t aQ.30 hdone. 

It will be understood that the percentages of the above ingredients in a given fo~~~tj.~~, which may &o have 
other ingredients present, will be adjusted to total HJO%. For example,~up to 6% of a n=aI decongestar& such as 
pseudoephedrine hydrochloride, or up to 10% of an ~~~s~~~ such & ~ip~e~~d~~e hydro&,loride, 
may be included in the formulation. 

The preferred embodiments of the invention also contain at least about IO%, ~r~f~bl~ from about 1% to about 
10% by weight of a surf&&nt. Preferably, the sur&‘a&nts are ~~~~t~~~ by the e~p~b~li~ to enhance the 
bioavailability of the ibuprofen, while being usably with go~yethy~ene glyool to fe& a clear solution. Suitable 
su.&actants include esters of d-alpha tocopheryl, ~~~yoxye~ylene castor ail vatives, and polygfycolyzed 
glycerides. Polyoxyethylene castor oil derivatives are the reacti+ products of e~y~~~ oxide and castor oil, or 
hydrogenated castor oil sold, for example, as Cremophors by BASF. Suitahkz polygEycolyzed glycerides are 
sold under the trademark Gelucire by Etab&zementi Gattefosse. An e~pe~j~~y preferred surfactant is d-alpha 
tocopheryl polyethylene glycol1000 succmate sold by Eastman Ch~c~~,C~rnp~y" under the trademark 
Vitamin E TPGS. 

The polyethylene glycol component of the formulation should have an average rn~~~u~~ weight of up to about 
1,000 in order to provide a liquid fill formu!ation. Preferably, the ~~ye~yl~e glycol has an average molecular 
weight of at Ieast about 200, with an average molecular weight of from about400 to about 1,000 being 
preferred. PEG 600 is especially preferred. 

The average molecular weight of the po~~~yl~~olidone used in the present ations may be in the range 
of from 2,000 to 54,000, hut preferably is in the range of from about ?~~OO to about i OJIOO. Preferred 
polyvinylpyrrolidones are sold under the trademarks Kollidon 12 PF and ~oI~~do~-~~ PF by BASE. These lower 
molecular weight pollyvinylpyrrolidones have app~~~rn~te moleczafar weights ~$2,500~ and 10,000 respectively. 
Another suitable polyvinylpyrrolidone is sold under the ~d~~k.~l~~~e~C~~~ by ISP, and has a molecular 
weight of about 8,000. Unlike Yu, the present ~nv~~~on employs huger boots of lower molecular weight 
polyvinylpyrrolidors to ensure that a liqui& fill is obtained. 

An additional advantage of these higher amounts uf~~~i~ylp~o~id~~~ is the a~~~e~t reduction in the 
esterification reaction between the ibuprofen a&the polyethylene giyeo2, .a knoWn dis@wdage of mixing 
these two ingredients that results in the reduction ~f~v~~abIe. ibuprofen. in its free a@d form. Use of the higher 
percentages of polyvinylpyrrolidone permits a corresponding red&on inthe alit of~~yethylene glyeol 
required. 

The fill formulations may be prepared by heating ~e,po~ye~yleue glycol ~~.s~f~t~t to 55.+-S-degree. C., 
while mixing. The ibuprofen and Po~~i~yI~~o~~done are added and dissolved d&g heating and mixing. The 
procedure is carried out under a nitrogen atmosphere, and the final f~~~~a~on is &aerated. 

The fifl formulation is encapsulated into one-piece’gelatin sheath or shall th+t includes a p 
the softness and flexibility of the sheath, water, a& optionally, other additives, suchas flavorants, colorants, 
opacifiers, etc. The softgel capsules ,may be produced in a known manner with a rotary die process in which a 
molten mass of a gelatin sheath fannulation is fed from a reservoir onto drums to form two wed sheets or 
ribbons of gelatin in a~ semi-molten state. ‘I’&ese r&bons are fed around rollers and brought tog&her at a 



convergent angle into the nip of a pair of roller dks that include opposed die cavities, A fill formulation to be 
encapsulated is fed into the wedge-shaped joirkler of the ribbons.- 

The gelatin ribbons are continuously conveyed between the dies, with 
trapped between the sheets inside the die cavities. The sheets are &en 

11 formulation being 
and severed around each 

die so that opposed edges of the sheets flow together to form a.c~nt~n~o~ gelatin sh 
medicament. The part of the gelatin sheet that is severed Erom the segments, ~~~~ 
collected for recychng, and the soft capsules are dried. 

d the e&rapped 
es is then 

Various sheath formulations known in the prior art may be used to ~~aps~Iate. the fili fo~ulations of the 
present invention. For example, suitable sheath f~~ulations may m&-k ,&om t 35 to about 50% by 
weight gelatin; at least 20% by weight9 and pkferably up to about 40% b~.~ei~t~ of a plasticizer; and f&n 
about 25 to about 50% by weight. Gater. These f~ula~o~s, w&n formed mto ~~~~~s and dried, will result in 
capsule sheaths comprised of from ,about 45 to about 75% by weigh-t. ge1ati.m i&m about 20% to about 40% by 
weight plasticizer; and .&om about 5 to about 15% by weight water: 

The gelatin will normally have a bloom in the range of Tom about 150-to about 275, and may be Type A or B 
gelatins or a mixture thereof. Limed bone* acid bone, fish and/or pig shin ~~la~~ may be used. 

The sheath plasticizer preferably is,sorbitol, sorbirol- special (a mixture of sM$tol sml sorbitan), maltitol, or a 
mixture thereof While glycerin can be used as a plasticizer,’ it has been faqd that @Se Ibuprofen may ester@ 
with the glycerin, reducing the amount of available -free form ibum-ofa. 
are preferred. 

, ‘the non-glycerin plasticizers 

The sheath formulations may also don&tin other ingredients, suchas taste. ersj coloring agents, and 
moisture retaining agents. Taste madifierr; in&de non-reducing sugars, such as xyIito1, maltitol, or 
Lycasin.RTM. manufactured by Roquette America, Inc. of Keokuk, Iowa and *I1 qmp$se up to 
about 5% by weight of the sheath composition. Suitable moismre returns +~ents include celluloses, celluiose 
derivatives, starches, starch derivatives, v~~e~~l~,~~~~ non~h~~~~~i~, mono-, di- ~d~o~go~c~d~, and 
silicon dioxide. Various FD&C coloring agents may be used to impart ~e,~esir~d color to the capsule. 

In order to be acceptable to the consumer, the softgel capsule should be.of a size that is easily swallowed. 
Generally, the fill size of the capsule will be,Iess t&an 600 mg, and ~r~fer~~y ~~Q~~ 500 mg or less, for the 
capsule to be of an acceptably small dimension. The required effwtive dosage ~~i~~~~of~ will normally be at 
least 175 mg, and preferably about 200 mg. Therefore, the preferred capsules. till contain at least about 35% by 
weight of ibuprofen. The overall volume of the fill is also made possible by then fa& that only polyethylene 
glycol and polyvinylpyrrolidone are required .fbr &ssolution, with a. s~fac~~t inferably being inchrded to 
enhance bioavailability of the ibuprofa when ingested. Thus, the ~~rn~~i~on~ rnw be Bee of water and other 
ingredients that increase the fill volume. 

The following examples are for the purpose of illustrating the present fill f~~~l~~on, and softgels comprised of 
these fill formulation, and are not to be taken as inany way Iimitkg the scope of the invention. Examples l-l 0 
are represeutative fill formulations containing .inexcess of 30% by wt. ibu~o~~n inits fk~ acid form. Examples 
1 1 - 13 are representative sheath formulations used to encapsulate the @ I fo~~I~tio~s of Examples I- 10. 

Example1 
Fill Ingredients~ 
Ibuprofen 
PEG 600 
Kollidon 17 PF 
Vitamin E TPGS 

EzGtmple 2 
Fill Ingredients 
Ibuprofen 
PEG 600 

% by wt. 
35 
37 
22 
6 

% by wt. 
35 
35 



Kallidon 17 PF 
Vitamin E TPGS 
Water, purified 

Example 2 
Fill Ingredients 
Ibuprofen 
PEG 600 
Kollidon 17 PF 
Vitamin E TPGS 
Water, purified 

Example 2 
Fill Ingredients 
Ibuprofen 
PEG 600 
Kollidon 17 PF 
Vitamin E TPGS 
Water, purified 

Example 2 
Fill Ingredients 
Ibuprofen 
PEG 600 
Kollidon 17 PF 
Vitamin E TPGS 
Water, purified 

Example 2 
Fill Ingredients 
Ibuprofen 
PEG 600 
Kollidon 17 PF 
Vitamin E TPGS 
Water, purified 

Example 7 
Fill Ingredients 
Ibuprofen 
PEG 600 
Kollidon.30 
Cremophor PI-I 60 
Propylene glycol 

Example 7 
Fill Ingredients 
Ibuprofen 
PEG 600 
Kollidon 30 
Cremophor KH 60 
Propylene glycol 

Example 7 
Fill Ingredients 
Ibuprofen 
PEG 600 
Kollidon 30 
Cremophor RF,60 
Propylene glycof 

Example 7 
Fill Ingredients 
Ibuprofen 
PEG 600 
Kollidon 30 
Cremophor RH 60 
Propylene glycol 

Example 11 
Sheath Ingredients 
Gelatin, lime bone 
Sorbitol, special 

20 
5 
5 

% by wt.. 
35 
35 
20 
5 * 
5 

% by wt. 
35 
35 
20 
5 
5 

% by wt. 
35 
35 
20 
5 
5 

% by wt. 
35 
35 
20 
5 
5 

% by wt. 
35 
35 
15 
10 
5 

% by wt. 
35 
35 
15 
10 
5 

% by wt. 
35 
35 
15 
10 
5 

% by wt. 
35 
35 
15 
10 
5 

% by wt. 
42 

9 



Maltitol, 75% 
Water, purified 

EX~l@ 11 
Sheath Ingredients 
Gelatin, lime bone 
Sorbitol, special 
Maltitol, 75% 
Water, purified 

Example 11 
Sheath lngredieqts 
Gelatin, 1im.k bone 
Sorbitol, special 
Maltitol, 75% 
Water, purified 

12 
37 

Bbywt. 
42 

9 
12 
37 

8 by wt. 
42 

9 
12 
37 

Certain modifications and improvements ~$1 ocmr to those skilled in the qt upoa:sx reading ,af the foregoing 
description. It should’be understood that BH such m @ i&xtions ~,~~~ov~~~ l&aye been~deleted herein for 
the sake of conciseness and readability bui we properly &thin the scope of the , .&&m ckkns. 


